It is shown that for polar regions, where the conductivity is predominantly reactive, the wave functions for the transverse electromagnetic mode of the earth-ionosphere waveguide are Hankel functions of the first kind with real argument; therefore they extend up to large heights over the polar ionosphere. A Green's function for the excitation of the waveguide by extended current or field sources in the ionosphere is obtained for an exponential ionosphere. The potential of ELF waveguide excitation by wireless antennas is discussed.
INTRODUCTION
There has been considerable interest in the past in the excitation of the earth-ionosphere waveguide at ELF frequencies by satellite-borne current sources located in the ionosphere. Galejs [1971] , Einaudi and Wait [1971] , Pappert [1973] , and Kelly et al. [1974] studied this problem in considerable detail and demonstrated that the satellite-based antennas could be radiators at least as efficient as the ground-based dipoles. One important result of these investigations is that the principle of reciprocity holds individually for all modes of the waveguide and hence the radiation fields on the surface of the earth due to a dipole source in the ionosphere could be deduced from the radiation pattern of a ground-based dipole.
More recently, wireless ELF generation in the ionosphere has emerged as an alternative to antenna excitation. There are two main techniques in achieving wireless ELF generation. The first relies on modulating the electrojet current in the lower ionosphere, using amplitude-modulated HF from ground antennas [ Greifinger and Greifinger [1974] is that the argument of the Hankel functions is real in our case while it was imaginary in theirs, allowing thereby a much higher altitude penetration. Knowledge of the proper mode structure allows us to determine the Green's function in the presence of a 6 function source in the ionosphere and to calculate by simple integration the waveguide excitation for extended wireless ionospheric sources.
The plan of the paper is as follows. In the next 
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